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In poison there is no physic.
—Shakespeare, King Henry IV, Part II, Act 1, Scene i (1)
The fox barks not when he would steal the lamb.
—Shakespeare, King Henry VI, Part II, Act III, Scene i (2)
thanol ingestion has both favorable and deleterious con-
equences. Viewed as a drug that affects the cardiovascular
ystem, chronic ethanol use in small amounts is cardiopro-
ective, both in humans and in animals (3). It has been
uggested that ethanol may activate pro-survival signaling
athways that are also seen during acute cardioprotection
nitiated by ischemic pre-conditioning (4,5). The acute
ffects of ethanol on the heart appear to be dose-dependent,
ith lower concentrations inducing cardioprotection (6) and
arger doses causing cardiac damage (7). Cardiotoxicity
esulting from excessive alcohol ingestion is thought to be at
east in part mediated by generation of its metabolite
cetaldehyde (8).
See page 2187
Previous data have indicated a protective role of the mito-
hondrial isoform of aldehyde dehydrogenase (ALDH2)
gainst acetaldehyde or ethanol-induced myocardial injury
9). In a report appearing in this issue of the Journal, Ma et
l. (7) have examined the hypothesis that overexpression of
LDH2 can mitigate myocardial injury induced by a
ubstantial intraperitoneal dose (3 mg/kg) of ethanol given
o mice transgenic for ALDH2 and their wild-type litter-
ates. In the hearts of transgenic animals compared with
ild-type littermates after ethanol injection, they found
educed levels of acetaldehyde and protein carbonyl forma-
ion. There was also less reduction in cardiac contractile
unction, and preserved phosphorylation of Akt and AMP-
ctivated protein kinase (AMPK) associated with dampened
hosphorylase activity. These findings were associated with
estoration of depressed phosphorylation of forkhead tran-
cription factor 3 of the O subgroup (Foxo3) at 2 sites,
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From the Cardiology Section, VA Medical Center, San Francisco, California.hr32 and Ser413. In the ALDH2 transgenic hearts,
aspase-3 activity, a marker of apoptosis, was also signifi-
antly attenuated as was the fall in mitochondrial membrane
otential.
The above observations shed additional light on events
hat occur during acute ethanol-induced cardiotoxicity.
ow these mechanisms interact in the ALDH2 mouse
eart needs to be explored. Thus, the relation between
LDH2 and the increase in PP2A and PP2C phosphatase
ctivity, which is the link between the reduction in phos-
horylation of Akt, AMPK, and depression of Foxo3,
emains mysterious. Similarly, how Foxo3 affects mitochon-
rial function is not elucidated by these data, and is a topic
or future study.
Nevertheless, the work of Ma et al. (7) illuminates an
ven larger issue, that is, the effects of both ethanol and
ther pharmacologic activation of ALDH2 on cardiopro-
ection during ischemia/reperfusion injury. In a recent
tudy, Churchill et al. (6) reported in a rat model of acute
yocardial infarction that a lower concentration of ethanol
0.5 mg/kg) than that used by Ma et al. (7) reduced infarct
ize. The ethanol had to be given 60 min before coronary
rtery ligation in order to promote translocation of epsilon-
KC to cardiac mitochondria where the enzyme bound
LDH2, resulting in a decline of toxic aldehydes mani-
ested as a reduction in 4-hydroxy-2-nonenal adducts (6). In
his connection, it is important to note that a recent
andmark study described a small molecule activator of
LDH2 (called Alda-1) that also reduced infarct size by
0%, most likely through the inhibitory effect of ALDH2
n the formation of cytotoxic aldehydes (10).
Another important aspect of the report of Ma et al. (7)
s the observation that Foxo3 may have a role in protect-
ng the myocardium from injury. A member of a large
nd complex family of nuclear transcription factors,
oxo3 has been implicated in the inhibition of apoptosis
nd in activation of manganese superoxide dismutase
11), but until recently, little attention has been paid to
he role of Foxo factors in myocardial ischemia/
eperfusion injury. Recent studies have begun to fill this
ap. Thus, bromelain, a proteolytic enzyme extracted
rom the stem of the pineapple, induced cardioprotection
gainst ischemia/reperfusion injury in rat myocardium
hrough the Akt/Foxo pathway (12). Similarly, the white
ine component, n-tyrosol [2-(-hydroxyphenyl)ethanol]
ses the Akt/Foxo3a pathway to mediate cardioprotec-
ion (13). Forkhead transcription factors also coordinate
xpression of myocardial KATP channel subunits and
nergy metabolism by regulating genes involved in bal-
ncing glycolysis and beta-oxidation (14).
In summary, there appears to be an emerging consensus
egarding the central importance of toxic aldehydes and of
heir modulation by ALDH2 in acute myocardial injury
Fig. 1). Foxo factors also appear to be important in
lleviating acute cardiac damage, but the precise targets of
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ions in addition to their actions as transcription factors
uring acute myocardial injury remain to be determined.
hus, the work of Ma et al. (7) calls attention to new
hreads in the skein of cardioprotective signaling, an ever-
nlarging tapestry of intricate complexity.
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